ABSTRACT.--Snowy Plovers (Charadrius alexandrinus) nesting on the exposed lake bed surrounding Mono Lake, California lose up to 40% of their clutches. Most are destroyed by predators, predominantly California Gulls (Larus californicus). In 1978 Snowy Plover reproduction was estimated at 0.49-0.70 fledged young per female. Population stability was estimated to require 0.80 fledged young per female. A series of experiments with artificial clutches placed at different densities in the nesting area demonstrates that the predators can have an effect on the plovers' nesting success that is dependent upon their nest density. The maintenance of low nesting density is an important antipredator adaptation. We consider predation on clutches and broods to be the major limiting factor on the Snowy Plover population at Mono Lake. 
Our study area is a 6.5-x 1.5-km section of the northeast shore of the lake (Fig. 1) Feeding plovers often congregate at these areas and at the lake shore.
Few birds and mammals occur in the study area.
Other than the Snowy Plover, the only nesting birds were a few Horned Larks (Eremophila alpestris) and an occasional American Avocet (Recurvirostra americana). A colony of about 40,000 California Gulls (Larus californicus) nests on islands in Mono Lake approximately 7 km southwest of the study plot (Fig.  1) . The gulls, a few Common Ravens (Corvus corax) and coyotes (Canis latrans) often forage in the area.
The study area was almost devoid of human disturbance except for our activities. In this paper, clutch-hatching rate is the proportion of dutches hatching at least one chick, and broodfledRing rate is the proportion of broods fledRing at least one juvenile.
Nest density experiments.--In 1979 we experimented with imitation clutches to study the effect of predators on the survival of eggs grouped at different densities. Imitation clutches consisted of three eggs of the Japanese Quail (Coturnix coturnix) set in shallow scrapes. Quail eggs closely resemble those of Snowy Plovers in size, shape, and color. Clutches were set out in a grid at coordinate points chosen from a table of random numbers and were checked after 5 days. When a clutch was destroyed, we replaced it at a new, randomly chosen location in the grid; if not, we left it for another 5 days. We scattered groups of imitation clutches at densities of approximately 1, 20, and 40 per 6 ha. One Snowy Plover nest per 6 ha is the maximum density found at Mono Lake in 1978, while about 20 nests per 6 ha is the maximum density reported for any site in California (Warriner et al. unpubl.). Imitation clutches were set between the western boundary of the study site and 2.7 km east ( Fig. 1) , in an area that was being used simultaneously by nesting plovers. We conducted seven experiments, varying the spacing of clutches and number of 5-day trials (see Fig. 4 ). For the first two experiments we used 0.3-m-high wooden stakes to mark the artificial clutches but later switched to natural markers to avoid possibly assisting predators in finding nests. In the first six experiments random placement of clutches did not necessarily result in the some number of clumped and dispersed clutches being placed in the six nest-site types described in the Results. In the final experiment, while grid points for all clutches were randomly chosen, equal numbers of dispersed and clumped clutches were placed in each of the six nest-site types in each trial to eliminate any bias that might arise due to differences in success of clutches omong different types of sites.
RESULTS

BREEDING BIOLOGY
Snowy Plovers do not winter at Mono Lake. In 1978 we first saw them on 5 April, two days after we began observations. Egg laying began about 18 April and continued until 15 July. The incubation period varied between 25 and 32 days (• = 26.9, n = 9). Earliest clutches hatched on 21 May and latest on 16 August in 1978. We saw the first fledged chick (juvenile) at Mono Lake on 6 July 1978 but did not determine fledging dates of the last chicks. Over the 4 yr at Mono Lake, the observed hatching rate of clutches varied in the intensively searched area from 39.5 to 68.2%. Predators were responsible for most nest loss. Their tracks were found at 41 of the 122 nests destroyed during the study; they probably also took the majority of nests lost to unknown causes (Table 1 ). The only evidence predators left at nests was tracks in the sand, and these were often blown away before we checked the nests. At many sites the substrate was too hard to show any tracks.
At Mono Lake Snowy Plovers nest on rolling sand-pebble ridges marking old shorelines and on alkali-encrusted sand fiat more recently exposed by the dropping lake. Nests may be in the open or beside or under an overhanging object such as a tumbleweed, piece of tufa (precipitate of calcium carbonate), or driftwood. By considering the two substrate types and three nest positions in relation to an object, we identified six nest-site types. A preliminary analysis of data from work still in progress indicates that there may be differences in nesting success of birds using different nestsite types.
In 1978 the observed clutch-hatching rate varied during the summer, with the highest rates occurring for early and late nests (Fig. 2) . Observed clutch-hatching rates for nests outside the intensively searched area were consistently lower than for those inside (Fig. 2) (Fig. 2) .
In 1978 the proportion of broods fiedging young was highest for those from clutches initiated mid-season (Fig. 3) . A possible increase (sample sizes are too small for certainty) in brood-fiedging rate from early to mid-season parallels the increase in the clutch-hatching rate of nests being incubated at about the same time (Fig. 3) . Because predators are responsible for most egg loss, the parallel rates indicate that they also may be responsible for considerable Table 2 ). Symbol in parenthesis indicates a 4-week period grouped to increase sample size. Sample sizes for observed rates are noted next to symbols. "In" refers to nests within and "out" to nests outside the area of intensive search.
er at Mono Lake in 1978 expressed as number of young fledged per breeding female. We divided the nesting period into two parts and assumed, for ease of analysis, that all nests initiated on 3 June or earlier represented first attempts and that all renesting attempts occurred thereafter. (Eleven of 12 known renesting attempts were initiated after 3 June.) Using our modification of Mayfield's methods and data presented in Table 2 , we estimate that the 46 early-and 65 late-nesting attempts were made in the intensively searched area. We estimated the numbers of females making first and second nesting attempts in the intensively searched area during the late period (Table 3) .
Based on additional calculations, we estimate that 0.49 young were produced per nesting female in 1978 (Table 3) .
Using estimates of annual adult (S,) and juvenile (S j) survival rates, we can estimate the mean number of fledged young (Z) that females should produce to maintain the breeding population size. We derived S,, from resightings of individually marked plovers on Monterey Bay from one breeding season to the next.
There and at Mono Lake, return rates to a specific breeding site were higher for males than females (Table 4 Assuming that our estimated maintenance requirement level of 0.80 young per female is reasonably accurate, it is apparent that the 1978 production of 0.49 young per female is not adequate to maintain a stable local population. This discrepancy may be overestimated, however, because some female Snowy Plovers probably breed elsewhere either before or after their attempt at Mono Lake. This commonly occurs in females nesting on Monterey Bay. We can avoid this problem by considering only females that made both early-and late-nesting attempts at Mono Lake. From Table 3 only one dense concentration of nests, we removed two of the closely spaced groups for the second experiment, and closely spaced nests experienced lower survival (Fig. 4) . In the third experiment, with nests marked by natural objects and only one area of high nest density, the survival rate was insignificantly higher for dispersed than for closely spaced nests (P > 0.05, G-test) (Fig. 4) . At this point we became concerned that the high number of nests in the area might have attracted more gulls than normally hunt there, reducing all survival rates and obscuring differences between rates in dispersed and closely spaced nest groups. Therefore, no clutches were placed at high densities in the fourth experiment to restore the survival rate throughout the study area to "normal" levels. In the last three experiments, closely spaced and dispersed nests were separated by 300 m (Fig. 4) On the few occasions that we saw a gull discover an imitation clutch, the gull dropped to the ground and swallowed every egg whole within a few seconds. After eating the eggs, the gull wandered about the area briefly, then flew out of sight. Gulls regularly flew back and forth over our entire study area, but, in one location where we had set a dense concentration of nests early in the experimental period, we frequently encountered one or two of them circling. It was our impression that gulls frequented this location more than the study area as a whole during the time of the experiments. As the gulls were not marked, we do not know if the individuals involved had previously taken eggs there. When one gull discovered an imitation clutch, other gulls quickly landed by it. This observation indicates a third response that can lead to a density-dependent effect of predators on their prey: predators aggregating at a site where a prey item has been discovered.
The behavior of the third predator, the coyote, cannot be characterized by these three responses. We suspect that coyotes simply stumbled upon plover nests while walking along the current lakeshore and old lakeshore ridges, which were their favored routes across our study site. Many nests were located on these low ridges.
DISCUSSION
Food supply, nest-site availability, and predators are the environmental factors most likely to affect the nest density of the Snowy Plover. We found no evidence that lack of nesting or feeding space was limiting the size of the breeding plover population at Mono Lake. The distribution of adequate food supplies undoubtedly plays a role in determining the general distribution of nesting areas; most feeding, however, occurs outside the nesting territory in undefended areas. Because plover nests occur almost anywhere in open habitat and nesting territories are frequently separate from feeding areas, potential nesting territories are practically unlimited. A few nonbreeding marked birds are always present in the area, but these are almost invariably found to be preparing for or between nesting attempts. Plovers are known to breed on Monterey Bay at densities 20 times greater than those at Mono Lake. Indeed, the nesting density of C. a. alexandrinus in western Europe can reach hundreds of times that at Mono Lake (Rittinghaus 1975). Thus, space appears to be available for increased nesting density, and nonbreeding birds are probably not prevented from nesting at Mono Lake because of limited space. Most feeding occurs along the shore of Mono Lake or at seeps on the dry lake bed (Fig. 1) , locations that are up to 1.5 km away from some nests. Despite the fact that some individuals can frequently be found in the same feeding areas, we found no evidence of feeding territories either at Mono Lake or on the coast (Warriner et al. unpubl.). Marked individuals with nests at Mono Lake feed at the seeps and along the lake shore on the same day or on consecutive days. They also feed at different locations along the seeps or the lakeshore. Males often feed together, and aggressive interactions are infrequent unless males are accompanied by a female or a brood. If extremely high densities of males accompanied by broods or females occurred along water margins, the remainder of the plover population might be excluded from the insect food resource, but densities were not nearly high enough for this to happen. Considerable unoccupied feeding habitat occurs along the seeps and the lake shore, and plovers are often found roosting, evidence that individuals are not pressured to feed continuously.
Like all small shorebirds, the Snowy Plover cannot defend itself or its nest from predators, and it must rely on subterfuge rather than defense. Antipredator adaptations include the cryptic coloration of the adult, eggs, and young, a skulking retreat from the nest at a predator's approach, and extreme mobility and elusiveness of the nidifugous young. The placement of nests beneath objects may also be an antipredator adaptation: A preliminary analysis of our nest site data suggests that nests under ob-jects are more likely to survive than exposed nests. The results of the artificial clutch experiments suggest that, under the conditions occurring at Mono Lake, a plover nesting too close to other birds will decrease the chances of success of its own nest and of its neighbors' nest. Thus, one might expect low nesting density to be maintained through territorial defense by established pairs and through the avoidance of high-density nesting by pairs initiating nests.
Social behavior away from feeding areas is difficult to study at Mono Lake. Such behavior is limited mainly to the crepuscular hours, perhaps in response to mid-day heat and predators. Territorial defense in a coastal population with a higher density and lower predator activity can frequently be observed throughout the day (Warriner et al. unpubl.). There is a strong possibility that the low nesting density at Mono Lake is not the direct result of social interaction, but merely the consequence of reduced population size, the ghost of predators past.
We have no way of evaluating mortality due to competition or predation away from the breeding grounds as a limiting factor, but it is difficult to imagine that they exert a stronger deleterious effect on plover numbers than does the high level of egg and chick predation observed on the breeding grounds. Although we observed a significant difference in the rate of nest predation between two levels of nest density (1 and 20 nests per 6 ha), the question might be raised as to whether or not a density-dependent relationship exists between smaller density differences. There is evidence that it may; when closely spaced nests were removed in experiment 4 (Fig. 4) , leaving only dispersed nests, the rate of survival of dispersed nests increased significantly, even though the overall decrease in artificial nest density, when closely spaced and dispersed nests are considered collectively, was from about 3 to 1 nest per ha. Thus, we feel that density-dependent predation of nests currently limits numbers of Snowy Mammalian predators also affect nesting plovers. Coyotes took some nests at Mono Lake (Table 1) 
